Objective: To establish nerve conduction parameters for carpal tunnel syndrome (CTS) electrodiagnosis in the elderly. Method: Thirty healthy subjects (65-86 years), 9 male and 21 female, were studied. Routine median and ulnar sensory and motor nerve conduction studies, median mixed palmar latency, comparative latency techniques median to ulnar (sensory, mixed and motor lumbrical-interossei), median to radial (sensory), and combined sensory index (CSI) were performed in both hands. results: The upper limits of normality (97.5%) were: median sensory distal latency 3.80 ms (14 cm); median motor distal latency 4.30 ms (8 cm); median palmar latency 2.45 ms (8 cm); lumbrical-interossei latency difference 0.60 ms (8 cm); comparative median to radial 0.95 ms (10 cm); comparative median to ulnar 0.95 ms (14 cm); comparative palmar median to ulnar 0.50 ms (8 cm); and CSI 2.20 ms. Sensory and mixed latencies were measured at peak. conclusion: Our results establish new nerve conduction parameters for mild CTS electrodiagnosis in the elderly and will be helpful to reduce the number of false positive cases in this age. Key words: carpal tunnel syndrome, median nerve, nerve conduction studies, normative study, aging.
Carpal tunnel syndrome (CTS), the most common entrapment neuropathy in humans, is caused by median nerve compression in the carpal tunnel, just distal to the wrist crease [1] [2] [3] . The incidence ranges from 99-376 / 100,000, peaking in the early fifties, and also in the seventies in some reports [4] [5] [6] [7] [8] . The prevalence varies between 0.6% to 2.1% in males and 3.0% to 5.8% in females [9] [10] . The main complaints are intermittent numbness of the hands, nocturnal paresthesia, and pain. In chronic or more severe cases, weakness and thenar atrophy may appear 2, 11, 12 . In the elderly population, the clinical picture may be atypical, without symptoms, or even rapidly lead to severe forms with thenar atrophy 7, 13 . Nerve conduction studies (NCS) are the most effective diagnostic tool for CTS, having a high sensitivity and specificity 14 . They are also appropriate for excluding other diagnoses besides being a great utility for outcome comparisons 15 . The effect of aging upon the peripheral nervous system has been studied since the middle of the last century, and it is well known that aging modifies all nerve conduction parameters, including amplitude, latency, and conduction velocity 16, 17 . Unfortunately, most reference parameters are derived from subject series under the age of 60 years and are, of course, unsuitable for CTS electrodiagnosis in the elderly. This could lead to an over-diagnosis because of an increased number of false-positives.
The main purpose of this study was to determine nerve conduction parameters for CTS diagnosis in the elderly, including sensory, mixed, motor, and comparative techniques.
Method
Thirty healthy volunteers were selected from November 2006 to January 2008 for this study. All volunteers were interviewed and examined by one of the authors (TGN). The inclusion criteria were a minimum age of 65 years and the absence of any upper extremity sensory complaints. Exclusion criteria were diabetes mellitus (at least one normal glycaemia in the last 6 months), peripheral neuropathy, excessive alcohol intake, thyroid diseases, leprosy, and upper limb traumatic injuries with or without peripheral nerve lesion; any kind of cancer, autoimmune disease, use of drugs that are potentially harmful to the peripheral nervous system, hepatitis B or C, and acquired immune deficiency syndrome. There were no familial cases and none have been previously exposed to jobs considered to increase risk of CTS. These exclusion criteria were considered to be present if the volunteer made reference to a previous diagnosis or used any drugs commonly prescribed for these conditions. An intake of 21 or more units of alcohol per week for men and 14 units or more for women was considered excessive. One standard unit of alcohol was considered equal to 8 g of ethanol.
All NCS were performed with a Keypoint portable ® electromyography machine (Medtronic, Skövlunde, Denmark). The palm, hand, and foot temperature was kept above 32ºC. A ring surface electrode was used for median and ulnar sensory NCS; the cathode-anode distance was maintained between 2-3 cm. A bar electrode with an interelectrode distance of 3 cm was used for median and ulnar mixed nerve conduction, and sural and radial sensory NCS. A platinum disc electrode, 1 cm in diameter, was used for the median and ulnar nerve motor conduction studies; the cathode was placed on the best motor point, thenar and hypothenar, respectively, and the anode on the metacarpophalangeal bone prominence. Stimuli with a pulse duration of 0.10 ms for sensory nerve conduction and 0.20 ms for motor nerve conduction were applied until supramaximal responses were obtained. The filter bandwidth was adjusted to 20 Hz and 10 kHz; the sweep speed was adjusted to 1 or 2 ms per division; and the sensitivity was adjusted to 20 to 50 µV per division for sensory and mixed NCS, and 2 to 5 mV per division for motor NCS. All studies were performed on the right and left upper limb (median, radial, and ulnar nerves) and right lower limb (sural nerve). The NCS protocol is described below.
Median nerve (1) Sensory distal latency (SDL), antidromic, wrist to digit II, with a fixed distance of 14 cm, onset and peak measured; (2) sensory conduction velocity (SCV); (3) sensory nerve action potential (SNAP) amplitude, measured peak-to-peak; (4) mixed palmar latency (MPL), orthodromic, palm to wrist, with a fixed distance of 8 cm, peak measured; (5) motor distal latency (MDL), wrist to thenar eminence, with a fixed distance of 8 cm; (6) motor conduction velocity (MCV) of the forearm, after wrist and elbow stimulation; (7) compound muscle action potential (CMAP) amplitude, measured peak-to-peak.
Ulnar nerve
(1) SDL, antidromic, wrist to digit V, with a fixed distance of 12 cm, onset and peak measured; (2) SCV; (3) SNAP amplitude, measured peak-to-peak; (4) MPL, orthodromic, palm to wrist, with a fixed distance of 8 cm; (5) MDL, wrist to hypothenar, with a fixed distance of 8 cm; (6) MCV of the forearm after wrist and elbow stimulation; (7) CMAP amplitude, measured peak-to-peak.
Sural nerve
(1) SDL, antidromic, distal leg to lateral malleolus, with a fixed distance of 14 cm, onset and peak measured; (2) SCV; (3) SNAP amplitude, measured peak-to-peak.
Radial nerve
(1) SDL, antidromic, distal forearm to anatomical snuffbox, with a fixed distance of 12 cm, onset and peak measured; (2) SCV; (3) SNAP amplitude, measured peakto-peak.
Comparative techniques for CTS electrodiagnosis MUD: Sensory latency difference in the median to ulnar nerves, antidromic, wrist to ring finger, with a fixed distance of 14 cm; latencies were measured to the peak.
MRD: Sensory latency difference in the median to ra-dial nerves, antidromic, wrist to thumb, with a fixed distance of 10 cm; latencies were measured to the peak. MUPD: Mixed latency difference median to the ulnar, orthodromic, and palm to wrist, with a fixed distance of 8 cm; latencies were measured to the peak.
CSI: Sum of MUD, MRD, and MUPD. LUMB: Motor latency difference in the median to ulnar nerves; CMAP were recorded on the lumbrical-interossei muscles, with a fixed distance of 8 cm 18 .
We also calculated the body mass index (BMI) from weight and height (kg/m 2 ) measurements and the wrist ratio (WR) as wrist depth/width (mm/mm).
Statistical analysis was performed with the Minitab 15 (Minitab Inc.) package. Nerve conduction parameters (latencies and latency differences) were analyzed using the mean and standard deviation (SD) for Gaussian, or median for non Gaussian distributions 19 . To check for Gaussian distribution, the Anderson-Darling test was applied. The upper limit of normality was set at the 97.5 percentile for non-Gaussian, and the mean plus 2 SD for Gaussian distributions. The one-sample t test was used for the right to left latency differences when the distribution was Gaussian; otherwise, the one-sample Wilcoxon test for median was used. A significance level α=0.05 was adopted.
The study protocol was approved by the São José do Rio Preto Medical School (FAMERP) Research and Ethics Committee and informed consent was obtained from all volunteers.
Results
Thirty healthy elderly (30 hands) volunteers, including 21 females (70%) and nine males (30%), were studied. The mean age was 69.9±5.0 (range, 65 to 86) years, mean BMI was 26.7±5.0 kg/m 2 , and mean WR was 0.682±0.042. Of the volunteers, 46.7% had systemic hypertension. Each of the following conditions was present in one volunteer each: myocardial infarction, cataract, lipid abnormalities, and osteoporosis. The drugs most commonly used were captopril (16.7%), atenolol (13.3%), and hydrochlorothiazide (13.3%).
All volunteers had SNAPs, mixed, and CMAPs measured in all nerves studied, including the sural nerve. The nerve conduction parameters obtained for all techniques described for the median, ulnar, radial, and sural (sensory); median and ulnar (motor), and comparative techniques for CTS electrodiagnoses are described in Tables 1, 2 , and 3.
There were no male to female difference for mean right median SDL (2.42 versus 2.50 ms, onset-measured, and 3.15 versus 3.27 ms, peak-measured), for MPL (1.94 versus 2.00 ms) and for all sural nerve parameters. However, all comparative techniques and MDL had higher values in female group. discussion Carpal tunnel syndrome is a common cause of upper limb sensory symptoms, mainly the hands, and its diagnostic confirmation depends on NCS 1,2,14 . The normal limits for most CTS electrodiagnosis techniques were not defined for the elderly 15, [20] [21] [22] [23] . With an increasing life expectancy, the use of reference parameters derived from the current limits could increase the number of false-positive CTS electrodiagnoses.
Our results confirm distinct values for CTS electrodiagnosis in the elderly. Table 4 compares some reference values derived from our study to the results of younger populations 18, [23] [24] [25] . The greatest differences were obtained with sensory and mixed comparative techniques. Median nerve SDL, MPL, and the LUMB had smaller differences compared with values for younger persons, and MDL was the only technique that showed a very slight change in the elderly compared with values for younger persons.
As recommended by Robinson and Dorfman
19
, we analyzed each variable and tested whether or not the observed values fit a normal distribution 19, 26 . We applied Gaussian statistics to normal distributions and nonGaussian statistics to non-normal distributions, avoiding a common source of error when dealing with reference values 19, 26 . Right and left sides were studied separately and normal values were determined for each side 27 . There are few studies establishing nerve conduction reference parameters specifically for the elderly population [28] [29] [30] . We did not find a normative study specifically for CTS electrodiagnosis using comparative techniques in the elderly. In the literature review by the American Association of Neuromuscular & Electrodiagnostic Medicine (AANEM) for CTS electrodiagnosis 15 , reference values were not found for the elderly, except for one study where the authors studied median-radial sensory difference and stratified abnormal values by age group 31 . Their results cannot be compared with ours because of the use of an orthodromic technique and the inclusion of individuals less than 65 years of age 31 . Moreover, the hand temperature was maintained at less than 32°C.
Falco et al. 28 established normal parameters for upper limb electrodiagnostic studies in healthy elderly subjects. These authors studied upper limb sensory and motor nerve conduction techniques, but comparative CTS electrodiagnosis techniques were not studied. For this reason, and because of methodological differences, only the median nerve MDL and MCV could be compared with our results, and were higher and lower, respectively, than ours. In Australia, Hamilton-Bruce et al. 29 studied upper and lower limb nerve conduction parameters in the elderly. Because of differences in nerve conduction techniques, only the median nerve MDL could be compared with our results. Their value was higher than ours, probably because of different selection criteria, which allowed diabetic volunteers to be included, and a lower mean limb temperature.
In our study, sural SNAPs were easily obtained in all subjects (100%) with standard electrophysiological techniques using a recordable percutaneous bar electrode. Although it was commonly accepted in the past that the absence of sural SNAP may not indicate an abnormality in older individuals, it probably no longer can be accepted 32 . This finding is in accordance with a study by Falco et al. 30 in 122 healthy elderly subjects, where they obtained sural SNAPs in 98% of the participants.
Aging affects the peripheral nervous system, changing nerve conduction parameters 33 . Previous studies linked the aging process to the motor and sensory conduction velocities with amplitudes declining and distal latencies increasing 16 . More recently, the most striking change was observed in the sensory amplitude, which declines about 50% after the age of 70; motor and sensory conduction velocities had a lesser decrease (10-20%) . Also, the aging effect was unequally distributed on different peripheral nerves 17, [20] [21] [22] 33 . Our results partially confirm the latter point, because of the greatest differences were in sensory and mixed comparative techniques versus absolute latencies. Another possible explanation for the discrepancies observed between these techniques could be the presence of asymptomatic carpal tunnel median compressive neuropathy in spite of all volunteers had denied any kind of symptoms related to this condition. Because of gender discrepancies, we believe that in older women comparative techniques should be analyzed with some caution.
In conclusion, the results of this study showed distinct electrophysiological values for CTS diagnosis in the elderly, especially according to mixed and sensory comparative techniques. These normative parameters will be useful to diagnose mild cases when CTS electrodiagnosis is used in patients over 65 years of age. They can also be used to reduce the number of false-positives electrodiagnoses. Additional studies will be necessary to determine the sensitivity and specificity of our data.
